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i ] y-mtmmis* -y ? izmm^tih^mm 

b. 

m*mm&. ^m^mmyyy^nm^.^^mi 

mwi t -t & y-7>itfz*mimm n * ? 

mmy y )vcn^\z^hmfc<» j r-y)v\s% 

w&mmz.^y&izm o mt ^titz^m&mmry r 

fccommzmmziiti*mmmm->--7>\'t . 

*^-b£K>%K>. 

iMzw-WGmmy' v mttzzTm i nam 2 <r>m^ 

■kmx. mzmx/x^trnM^mxiM^mimmy-- 
7Mzm&£:Zb . m2<?m^>?7 h4»6±E'Mt 

®b-?z>-ir-7frm*m&;mm?*7?. 

mmr^^^-y^miz^i-^m^^-yM^ 

*mth*mmLb. 

WLtprnmio-mzw. 0 wft>titc*mGmm7y 7 
t, 

^-y^^mmm^^m^^m^^-^Y 

Z^-b**)**). 

iMwm&mmyyyii. ^mmm^^v^yb. 

Z\<n>\^i/V7fo\Zim!kZ&A,X\^7yVY?V?9 
bbtf$:*-fm^>?7hb£')% r ). tfzz-tmi 



<rm^>?9YW&<r&^bW.2<7m. 3 %^>97Ym 

iMd^mmmy—yMi. m^^mm^t . zon 
wommnmmam&b. zvnmmummnMm 
{zfe^x&Asxmztix^&imow&b. nmz&& 

2*nmibzh.^£mMTz>mummm$:ttz.m 

JJE+SHHBi. #«*ifrC*9, -SI»o*ffifc8raa 

fl^ n- y F t Kffiffll<7)fl-^ * y F *W£ &-rW«T'J£ 
/t/C'isO. R-o, myy^Yy^YbWrn^y Y<rm 

<r>. mmbMffibiz^ ^.<r>mu<r>^ifi^mn»^tih 

*n -y F £ o$r <'lfS 1 tf>gSi8 fc . Jj!l«09«U8' < 7KtI 

ffl(ia<7)ft-f-^'-yH^o^<-» 2 coma t**u issn 
$ b m 2 <mm.ay^ $ b im l v m&x$> 

W,2<nmr^s9 ? hm®bx-tpmmLzitz*. s. 

1 ^ hPSf*^ffiffllc7)fi-§-^--y H t^fflft 

»t $ tt . m 2 ^fg-§-3 y ^ ^ b PgEA«M«^ft^ < y 

±.mpm^Mmy--y)v\,z'o^xit. m>e>frt>msx 

mmyy^y^'jyy^zmx^tix. ^m^-iv 
Ym$L&*±wm&mi7~-y)vnwmw5&b m 
mztixm*)ttvx$>z>ffif$.bLtzz\bzmmb^-&7- 
-vm*% ^mimm n*??. 

>yni,ZKmzm.A,X'^z>7yyYriv?7 hbft£% 
-rm^yffhb. w^^>viznmvxm^t 

ttz%-tmiRv : m2<7)m^3>?7hiz. yvwm 
fa<nm&zmsmt<7) i m 1 mrm 2 <r>m^ vttvm 
S5£?ru tminm^y?? hw^<?y&zbtm.2 
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±3£?yyvziy9?y\^ yoyb&Mam&zms 

jmaw7y'Fziy?7hmi$ttL. 
±iz->->\, m^^yy^zmx^tih ~/->v 
vm®t. mis-i\sYuw.ifiw^ : Jyyni,zn\?iix 
tzw&x\ ±.mmi?>m^y?7 mbjsb. gs2<Dfi# 
ay??h$m. m/yyyvziyfrbm&zmom 

-TV?. 
[000 1] 

zxy^^-^twmm^t 
^mm^zmm^tL^y-y^m^^mm^^ ?\z 
mtz>. ifi^co^'-y^nytrjL— hv 
-fnzmtzmK &i'ATj±izmzmwm<7xkM<v'r 
-?*teM-f&z\bi)m#>t,tix^&. mmm<v±mco 

[0 0 0 2] WW*. BMOttbLXlt. 3Xh.*y 

•y hmtffr&cox'^*mimrf&<&m2tix\<^. l 
'&cr>commimxte. s4xt,z%a\^*miKmtfmmzti 

hb3>Z-httZ>. £fz. s*-V~)-)l'ay'C J .-7bffl®. 

m?sffi <r>\,z>r-y)v<rmmz 

Za*7?a*??bLX. *mm&zmLtzi>V>i;ffl 
[0003] 

[0004] 

iftfRtfitikLx. o b-rmmi i ox . mt<r>y--y 

zzx\ *mnt±mdmzfmLtz*m&mm3 
timzw&^h z b * awt -rs . 

[0005] 



^SfutTOGatffl^-^i: . K+«B6SL TOf£ 
±ISTOe&fflr ^^SrSrf IS 1 Rt/m 2 <7>m^-3 

y * ? o *>w. i ? vfrt>±.m*mmsL 

z&xttwmmmy-yMzmz&z t , ^2«fi 

h*^±K*i|£^£flT±iBTOf23^:>- 
-y;Kc|'JI»*§ #3? L < J: -5 KUilfc Ltz t><7)X' 

I 0 0 0 6 ] If! 1 <7>^3 ? V*^-tJ24'«»K£ 

mx±iz¥Wimmi--7Mzmz>£ : zb, m2<rm^ 

fMzmh SkZbzmkK-r&zbizx-ox. ^mmm 
$^+ft-^t, z<7)+m^bn±zztfmL<&mz 

v**^**. io-c. iGb i t/mxtom&sKm 
^zmm&&<im.x°z&. 

[0007] tt»*209tmt. TOfralffli'V v ?\.z 

mm^ti^^mismmy^^^r-y^^z^^m 
f8.coy-y)itfZ¥mimm3*7?X'$>-?x. *at-r 
z^mmwib. m^mmm<o-mizMr>nift 3 tLfz'm 
tmmyyfb, «sa» ^m^commtmx/x & 

yivb , K4>*t£ft[. TOfsMfflr^co^aiSg'W) 

Sr^-rm i s^2c7)fi-^3 y??h(oo-hmi <r>m^ 
ay??bfrt>±m*mmi.£mx. wttmvxm* 
&zmx± : i&mi£mm7--y)uizm2>£kZb. ^2<r> 
m^y9?vfr^±Mte>mm*L*mx. mizmtsx^ 
hm&z&x^mizmmy-yMzmz-gkz b*mL< 

[ 0 0 0 8 ] m 1 y? 9 h*»^JJE+«HHE& 

m2<7)fi-§-3y^^ h*^±ie^tt« 

tuzmh&z btmt<-t&c\biz£^x. TOfiiH^ 
- b ^ i -tfmi L^^oiz^hb^ 

[0009] It^JS 3 O^BBJi, TO<S^ffl ^> y 9 lz 

mmznh^m&myyrzy-y'MiQizG-t&ffi 

mmmyy-yb. ^^mf^mm^mx/xtaxn*). 
&m®t>m*mmznm%i,zmi%ZKrz^mmmy- 
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hi: J; 93:9. **£5rrSS 1 Atf»2<0«-S=i>*? h 
<i. 4>«SHK<0«»$tttr){M^S 1 2<7>fl^3 

£ 2 ^ ? h«gpco^$ t «*u m&T 

^*5t««kJ: 93:9. Wft-^si^ffl^ 
i-*«JST*D» JJE+UHHSBi, ^mm^x-h 9 _ 

*r£ ^-rra^-t-M/C-t-fc 9 . .ao . is^ 5 y h 5 >- h t 
>•/ vtmmmom^-v v^^<m 1 cr>w&k . soo 

^l£J8^-y FfcXSHeXi-*'*? K$"?2r<"3S2c7,I2& 
fc£*L. l^l<0SM<7)«$i;S2(7)gE^^$i:^' 
^U^»j£-C£>9. ±fe¥ffifESfflT7^{4, JBKOfll 
^rj^?? hP^fc^2(7)m-^3>'^^ MMPfcT+St 

mmm<?m^-v Yk^mmmtix. fpmmRcomz 

t>m/x at ^zmmcowMtftpmmico&wM 
mtmmmtizim^^ttxa*) . #mfs»co^ 

* y ¥ {-^fflWtt LX $> 9 . S1^«^S'J<7)^fflv S -y 
Rc¥ffltttf-L-C&9. iie^-zPH^^N'-Ji. — S8H 

7jww&mmm&timistixw.><)ttimhmi£b l 

[0010] *mmt. zmmmx-h 9 . f&i <nwm 
Mft&2<nw&\inm*nmLx&tfLLxhhtzih. m 

1 <7Mm<7>& £ k m 2 <9iEigc7)j|$ k 5r PI t \z-f h Z k 

x&x^&imnm&tf. v\mz&A,x-mztixti 9 . 
so. *mmm<7>$mmmtmmmkizimizttftzti 
■ci-^^. ^m&i^mdr-y/u^^^m/xtnx^ 



[0011] m&m4(?>ftmz. ^wmmw^i;> 

7k. ^(T>Js^i>>y^z^mz^A,X'\^hy : y > H 3 

^(filLTffl^a : *fTJt2o^>— yUH^i;J: O^ 1 ), # 
$r:5r^lS^2cofi^3y^^h<4. 

<n^*msi&mw, \mfw,2<rm^y9^ hw& 
tmzi>-?7hfflgz<7)g:ZkimL<, ±ie^7>-H3 

[0012] Ktt-rm 1 at^m 2 com^y?? b# 
r'jy bS^JSgp^^tf^Kco^ 1 Rt/m2<m^ 

<r>^m.±i l zy v^b mmti i mm-t&M%x\ 7 0 > h 

it. ^mmmcD^-yy^k. zwwjyypuzss. 

S^MAT'V ^ > ¥ 3 > 9 9 Y k ft i ^-Tfi^ y 
fi?hk. m^isyyizftm LXMX.&£titz2m 
^-)VYmtk iO^rO. *=f^^r-r^istxm2^ft^ 

ziy?7hli. yj yh3M<7>i%®ZmtsmVicr>& 1R 

vm,2<r>m^y9?hffl%i>ttL. wm\<m^ny 
9^vm^<r>^k mm 2 <om^ ?y? 7 ¥$&&?>■&$ 

klimt<. ±Mi7?yVay?7hte. TVyhWfa 
<vm®*mtsimk(D'7' : 7yY^y?7YM%?.ttL, ± 
YUii. W^-JyT'mzmXZixh is—)V ¥ 
®Mk , /UK«gP*^N^^>-^rt{'»A$tt^ 

^st-, ±Mzmi<Dm^y?? hpgp, ^2<?^t#a 
[0013] s^gg{±. miiofi^^^^^ huge, m 

[00 14] 

[«woswt<ojEas] 1 mmm: m 1 tt*»«8co* 
■y-7>wi£ 3 mtemm3*7?i on. ^gii 

ffly--/;U3 O^Cffgiffia*^^ 11.12 

3>-f i -^tfO«Sei*fflx> y^2 0(Ct$^$iX. ffi 

9 1 2 Srfflfflilll^ffifKMffli'V •/ 7lzm 

mztixmmzti, ^-vi-^ay^^-^tmnw^s 
kvffiz&m-tz. 

[0015] t-r;W^ffgH3^? 9 1 o«i. 

02{c^L-c^T*-ri3t. ^mttkm-r-fiv 

3 0<7)^gi5fc. TO€iMfflr5^4 0 i: . +^S«5 0 
yl'K^V'?— 8 Oh. *»L»'J y?9 5k£G 
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ti . tpmmm 5 0 coy 1 ^mz^mm^mr 9 /40 

[0016] &fcJbE*)4H*flfcovvCKW*. 

^>7?M8*3y^f22-l. 22-2£, 
/?yH3^; h2 3i:#," XI , X2SI611. £5 
(=JfeX/Cffl»&**VC*J9» Yl. Y2^r6]<50M 

1Bfflfc*:fr#R«> H« 2 4 . 2 5 **»*&i*vt 
V^fllJiTfcS. £^ s P«gi£ffl> ; -v-y:?2 0(4, /f- 

h. H^3>f7h22-1 , 22-2J4, 7V>b& 

m2 6com^?->tm^mzmMi>x*>'o. 
mL2 6n?7>Ytwmtzffl!LVThi>. r^w 

nv-9 9Y23\t^ ttettm^yf ? b 2 2- 1. 
22-2OT1 *-|*P^0tSl»««*^^--r5** 

t\t}*fvy2. 1WX1, X2^-|6]±W3gffitc: 
J4, 3^^10 <0HW3OTK^r* 2 7 LT 

[00 17]© WiS&ffl^T^O 
H5fcflN-C«rJ:dfe:» ¥W&&my°5>74 0C4, i^- 

1, ^2<rm^m/99bA2-\, 42-2L ^9 
yK3y^?h43t* ! , J F«eiMffl> ?J v y ? 2 0 fc*t 

42-1, 42-2<5DXl Jj\*}^CD&mm.l££t?'-<-^ 

[00181ISl.*2^3^h42-l, 4 
2-214. **^£'*>'7'4 lft(=3»[llfcinM2- 
1 a, 42-2a^tfS. PSS4 2-1 a, 4 2-2 
at4. V^ffittX'h*). 3 MB€SaSffl7 , 9^4 0O4"C48 
4 4fcHl/CH*"C*9» +«HHR5 0*tt5»atti 
t J&nTttT* ?> . SPSI54 2 - 1 a<0*£ fc SPSB4 2-2 
aOftSfctttFU*. fl<0flf3^;h4 2- 1<0 
3gA 1 A>£>BPS54 2 - 1 a^B 1 $.X'CO& 1 Ofl^- 
3^^h4 2-H:?fi3ft$i:, ^20ft-l-3V^i7 
h 4 2 - 2<7)4gA 2A^PS54 2-2 a^SfcSgB 2 *T 
^20«-f-3^^^ h4 2 -2lzWt?%t$timL 

[0019]y v 7>'H3^^h43li, 2O0PSC4 
3a, 4 3b£3r-TS. P^4 3a, 4 3bJ4, Y13T 

«*£5 0£<4£*&tr£i*^Sre;l i >.g>. 04 tc 
tfrtiiolz. A-)xy/4 1il Eoon-^gfr&^Y 
l*l*IfcSe*aSfcR4 «R4 5(4, 



4 5a£4T*-&. 

[oo2oio> ^mmsm^-nvs o 

06KtfH£-Tjjrf J: a t, ¥8rf5S*JB^-^3 0i4, 
tttl^LTSil:^Bi®^tJV^-C, 8*c7)«^3 1 - 1 
~3 1 X olz&jLX-WiZtiX^&ffi 

ilT'£&. 0(4. 8*£0m3 1 

- 1 - 3 1 - 8*^*«0«*^tt^«gi5 3 2<r>® *) 
izHZBlfct&ZdtzWLZtL. WZz.m$&3 3lz£^ 

xmszti. ztitfmi&zttfrxmmt&m&mmm 
mmm 3 4 -cwwu mzftttcowtim&co?mm& 
3 5 xmhtifzmm.x'h h . m-mh^^mk:, wmis 

3 5. ^Sfffl3£i^^34. t¥$^SgP3 3. 8* 
CDW&3 1-1-3 1-8. 3£*gB3 2£*-t&. 8* 
com^3 1-1-31 -8* J R^l=M^' H4fc*>. « 
^^¥»eiMffl^-^3 OWJgA^^l^ai LT#(tT 
S»T4«^fc:> ^^ffl^-:77U3 0<OSga>£>3l# 
tB LT^tt^#m«0*$ L < "f S £ rt^f&fc & 

[002 1] #^!3 3-l~3 3-8li, *mfe*J&. 

mm<rm^-tmi. m2<mwm3 6- 1, 3 6- 

SfciD&S. »1. m2<D»S>I&3 6- 1, 3 6- 
2(4, SSI. »2<W«3 9-K 39-2bWmU2 

© 4>«««5 0 

07 (A) , (B) . (C) tzVHtXjfrfJiiG.* 
««5 0«4. Yl. Y2Jl*ll:*vm^*Ti>i3, *® 
■ 5 1, K®«5 2, ^10rt«5 3, ^2WrtI5 4 

b£K>%&mmffi&X'hz>. 

[0022] mmms is.xmmm5 2cr>y ixumsm 

^H5yH5 5, 5 6* I ?g{£LTfcS. *I15 1<0Y 

■>*••/ H 5 7 — 1 , ^9 y K/^ y H 5 8— 1 , fSftK-v b~ 

5 7-2, /5yKK 7 K 5 8 — 2—comX'^.mzX 

i , x2^riirciLCTv^. mmm5 2cr>y l^ffifai 
W4. |5|t<, If^-yFt^yKny bbfim^'* 

7H59-1, ^9>-hVN-yH60-l, Sf^7H5 
9 - 2 , /5>M7b'60-2 •••<7))lI-C3t5lcX 1 , 
X2*|pJ-C^T'V^. fi^^-y K5 7- 1 t^i^^-y 
H5 9-1 tt>WZ%L. m^-yb57-2tm^ 
•y H 5 9 - 2 1 ^'M^^-T. -y Htt8«W6 . ^ 

5VHy\-. y b'58-1 , 58-2 ■My^VYvVb'y 
5t«^LTS)0. /7yHA-7K60-L 60-2 

■ny^y b7>Y5 6bimtLxh&. 

[00 23] *«S«5 0COY1 . Y2^ri6]COBg^{C 
(4, $mm 5 1 2OT*JSr^r-r8o<0^fflyN° y H 

6 1-1, 6 1-2-6 1-8^X1, X2*l6inLC 
T'^LT^S. ^0-^-5 2O<0^*lffl>'N'>y H6 1- 
1. 6 1-2*^lc7)»$:^-ro KJ0^,5 2o<y)@glffl 
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a«»K6 1-3. 6 1-4jWB2«*t£$r*-. Hgt<, 
H15 2«=. 20Titt£&^80<7>3£|£J8>'\--y K6 2 
-1. 6 2-2-*Xl. X2*(6lT'M^«LTS> 
6. [§It<, gl l 5^-3 20<?)^fflyN-.y H6 2-1 . 6 
2-2*^=5r-T. 

[0024] #*%-?mwLm;*-y KfcJtfcfcfW'Cy 
K t *>\ EHrc*tt3*vO > 5 . ttSSri-agMl'* y H 
6 1-1 fc*tfr3r*W<(9 K 5 7 - 1 . 5 9 - 1 t<9 
JSKtCOVYC**. mVgsty K6 1 - 2tfi-^M'-y H 
5 7-1 t^fa*^ 1 <7)Ii& 6 3 TSttSivC . % 
1 OKfg 6 3 14, mm>* 7K6 1-2K»1 cort« 
5 3AjrJSb'7'6 4, t'T6 4<50TSS^f!<^lcO|*lS 

5 3±<0EH^:$'->6 5i:, iB^^^->-6 5^< 
^I»(*li5 3*>^ffif5 lA.liJI.b-T6 6. t'76 
6<7)_t4g*>£>fi-^y K 5 7— 1 tCfJ^EH^N-^-y 6 
7t4.0=5r£. 

[0025] m&m^ y K 6 1 - 1 tm^ v K 5 9 — 
1 iO^*m2<0l2IS6 8T'^$^T^i» o SfS2<7>ffi 
^6 8(4. #IS^N*xH6 1-l*^^2<7)rtS5 5A 
H&t'T6 9, b'769«TS(:i<^2WI54± 
tfWN"?->-7 0t, IE^y^-^7 0tC^<^2c0 
rt«54*^SMS5 2AfiJSh'T7 1, h'77 1(7)T 
mfrbWlv H 5 9 — 1 t,zZU%M^?->7 2bX 

[0026] micoftms 3 hm2<r)nm5 4 tnmco 

ff£t»4, 0. 1—0. 2mmk|V^ ioT. Il« 
ffiH 6 3 t & 2 COS^ 6 8 fc (4%i: m L 

HP^>, fl-^-y K57-1 tftfigC 1 
•yK6 l-2£?)figDl^Tc0^1<7)iE*S6 3(Cffa v 3* 

$ t , y k 5 9 - 1 commc 2frhmmm>* v y 

6 1-1 C?>&M D 2 4 Tcom 2 <7)lfiK 6 8 o S $ t 

[0027] 5 1 C0ffic0^ffl/N- y K&tfKBJl 

5 2co#^ffl>-N"-y h't, ±IEi:|l|t<ffil<??W$:^-rfi-^ 

<S> v— ;UK#A— 8 0 

02^-ri3tc. ^-/PK;$A-8 0{4, ^mfczy 

l^flOlLTYl . Y2^rr6l^^4'^tfOB&E3)%tt^K 
£ Ltz tcOT'S> 0 , «f^<7)BSH^a^K<7)*f*c8 1 b , 
d£0**8 1«Y2^T(S]^<7)Z 1 , Z2^T[6]<?)^J:0Y 
23m6Hc3fiDtfiL*:^-^F^g&8 2. 83t, JsJ < 
#&8 l<DY2:frfa3gc7)Xl , X2^T(6]c7)MiJ:0Y2* 
ffifc:369tfJL*:o.y?|B6SP8 4. 85t, *«j81OT 
1*I»I*)Z1, Z2*(^<?3» < t0Yl*|6]^5S0ai^ 
y-^HfflK88 6. 8 7fc, **8 1OT2MS3 : 
0 tc#lK LX h&i&ismu 8 8 fc «k 0 & &*ff£T'& & . 
[ 0 0 2 8 ] KC. -9-r«Li*l 0 Otcov^TiKBJi" 

H4t*tJ:5{:, -tf-yfiiftl 0 014, 4»*£Si£ 
5 0tf)Y 2^r6lSg^^S^fflr7^4 OtflXO Wt£> 
*U +lfi^5 0OYl^«fc¥*£2yflSr-7ii,3 



0#igM£ftfc8fj£T'&6. ¥WfiiMfflT7^4 0<4, 
03^-TJ;3tC. S51, SI260fi-f-3>-^^ h4 2- 
1, 4 2-2<?>V^B#<Vfflffi4 2-1 a, 4 2-2 
a. SlX^7>'h'3>'^^h4 3C02-Pc7)PgP4 3a. 

4 3b*i. *pm&m.5 oz&&mzmA,tzttmx\ k 

PSP4 2 - 1 ajPft9"y H 5 7 - 1 t , PS54 2 
- 2 aim^-y V 5 9 - 1 k , BPS&4 3 a^5 ^ K 
y?.y H58— It, Bfgff4 3 a*^5 V hV\*y K 6 0 - 

[0029] 4>*S»£5 0(4, :E FM5MfflT^^4 0£0 

y;P3o^(4, 02^-ra:at;3!a ; aLTS>-s. mis 

Pffljg^ffi^3 4A^ai$il, 8#<7>»§13 1-1-3 
l-8*^|#aj$fxTV^. #*H3 3-l~3 3-8 

is, mmmrnmm.3 7i<mta$ti, mi, m2<mm. 

«IS3 6-1, 3 6-2*i§|#ffi$ix, 5feSffll<?)Sa^ 
2 9^"iHJSt$itTmi , I2(?)iI3 9-l , 3 9-2 

[003 0] ^l^tB$iXTV^8*0^3 1-1-3 

i-8t4, ^m&mm^-y^s o^c-im^^m 

2 8X'i>->X4*(7)nm3 1-1—3 l-4i:4*co« 
H3 1-5 — 3 1 -8ttcWtA.fi., 4*<7)W&3 1- 
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Abstract 



A balanced-transmission cable-and-connector unit includes a junction substrate, a plug for balanced 
transmission connected to one end of the junction substrate, a cable for balanced transmission 
connected to the other end of the junction substrate, and a shielding cover covering the junction 
substrate, a portion of the plug at which the plug is connected to the junction substrate and a portion of 
the cable at which the cable is connected to the junction substrate. The plug includes a pair of first and 
second signal contacts, and the length of a first signal transmitting path from the first signal contact to 
the cable via the junction substrate is substantially equal to the length of a second signal transmitting 
path from the second signal contact to the cable via the junction substrate 
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Description 

BACKGROUND OF THE INVENTION 
[0001] Field of the Invention 

[0002] The present invention relates to a unit of connectors and a cable in which the connectors are 
connected with both ends of the cable, respectively, the unit having an arrangement such as to be used 
for balanced transmission. Hereinafter, such a unit will be referred to as a balanced-transmission cable- 
and-connector unit. In particular, the present invention relates to a balanced-transmission cable-and- 
connector unit used for connecting a computer with a peripheral device. 

[0003] With the recent development of personal computers and networks thereof, systems are required 
for transmitting a large amount of data of, especially, dynamic images. In order to transmit a large 
amount of dynamic image data, it is necessary to transmit data at a high data transmission rate, not 
less than 1 gigabit/sec. 

[0004] In the related art, unbalanced transmission is widely used in view of cost merit and so forth. 
However, because unbalanced transmission is likely to be affected by noise, it is considered that 
balanced transmission, which is less affected by noise, will be used in high-speed data transmission. 
[0005] For connecting a personal computer with a peripheral device, a cable-and-connector unit, in 
which unit the connectors are connected with both ends of the cable, is used. It is therefore necessary 
to develop a cable-and-connector unit suitable for balanced transmission. 

[0006] However, the cable-and-connector unit in the related art for connecting a personal computer with 
a peripheral device has a structure suitable for unbalanced transmission. 

[0007] Thus, the cable-and-connector unit in the related art is not suitable for balanced transmission. 



SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide a balanced-transmission cable-and-connector 
unit in which the problem described above is eliminated. 

[0009] The above-mentioned object of the present invention is achieved by a balanced-transmission 
cable-and-connector unit which comprises: 
X)10] a junction substrate; 
">11] a plug for balanced transmission connected to one end of the junction substrate; 
12] a cable for balanced transmission connected to the other end of the junction substrate; and 
3] a shielding cover covering the junction substrate, a portion of the plug at which the plug is 
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connected to the junction substrate and a portion of the cable at which the cable is connected to the 
junction substrate, 
[0014] wherein: 

[0015] the plug includes a pair of first and second signal contacts; and 

[0016] the length of a first signal transmitting path from the first signal contact to the cable via the 
junction substrate is substantially equal to the length of a second signal transmitting path from the 
second signal contact to the cable via the junction substrate. 

[0017] As a result of the length of the first signal transmitting path from the first signal contact to the 
cable via the junction substrate being substantially equal to the length of the second signal transmitting 
path from the second signal contact to the cable via the junction substrate, a time difference (skew) 
between a '+* signal and a signal, which are transmitted in a manner of balanced transmission, does 
not occur, the magnitude of the '-' signal being equal to the magnitude of the V signal but the direction 
of the '-' signal being reverse to the direction of the '+' signal. As a result, the balanced-transmission 
cable-and-connector unit can be used for transmitting a high-speed signal of more than 1 gigabit/sec. 
with high reliability. 

[0018] A balanced-transmission cable-and-connector unit, according to another aspect of the present 
invention, comprises: 
[0019] a junction substrate; 

[0020] a plug for balanced transmission connected to one end of the junction substrate; 

[0021] a cable for balanced transmission connected to the other end of the junction substrate; and 

[0022] a shielding cover covering the junction substrate, a portion of the plug at which the plug is 

connected to the junction substrate and a portion of the cable at which the cable is connected to the 

junction substrate, 

[0023] wherein: 

[0024] the plug includes a pair of first and second signal contacts; 

[0025] the cable includes a plurality of sub-cables, the plurality of sub-cables being exposed from the 
end of the cable and connected to the end of the junction substrate; and 

[0026] the length of a first signal transmitting path from the first signal contact to the cable via the 
junction substrate and an exposed sub-cable of the plurality of sub-cables is substantially equal to the 
length of a second signal transmitting path from the second signal contact to the cable via the junction 
substrate and another exposed sub-cable of the plurality of sub-cables. 

[0027] As a result of the length of the first signal transmitting path from the first signal contact to the 
cable via the junction substrate and the exposed sub-cable of the plurality of sub-cables being 
substantially equal to the length of the second signal transmitting path from the second signal contact to 
the cable via the junction substrate and the other exposed sub-cable of the plurality of sub-cables, a 
time difference (skew) between the '+' signal and the signal, which are transmitted in the manner of 
balanced transmission, does not occur. As a result, the balanced-transmission cable-and-connector 
unit can be used for transmitting a high-speed signal of more than 1 gigabit/sec. with high reliability. 
[0028] A balanced-transmission cable-and-connector unit, according to another aspect of the present 
invention, comprises: 
[0029] a junction substrate; 

[0030] a plug for balanced transmission connected to one end of the junction substrate; 

[0031] a cable for balanced transmission connected to the other end of the junction substrate; and 

[0032] a shielding cover covering the junction substrate, a portion of the plug at which the plug is 

connected to the junction substrate and a portion of the cable at which the cable is connected to the 

junction substrate, 

[0033] wherein: 

[0034] the plug comprises a housing made of synthetic resin and alternately arranged ground contacts 
and pairs of signal contacts, each pair of the pairs of signal contacts having first and second leg 
portions between which the end of the junction substrate is inserted, the lengths of the first and second 
leg portions of each pair of the pairs of signal contacts being equal to one another; 
[0035] the cable comprises a tube-shaped outer covering portion, a tube-shaped sub-cable shielding 
portion provided inside the outer covering portion, a plurality of sub-cables circularly arranged along the 
inner surface of the sub-cable shielding portion and a filler portion filling a portion of the cable inside the 
plurality of sub-cables, each of the plurality of sub-cables comprising a pair of leads for balanced 
transmission and a lead shielding portion shielding the pair of leads; 

[0036] the junction substrate has a multi-layer structure and has ground lands on the obverse surface 
and the reverse surface at one end thereof, the lead shielding portions being soldered to the ground 
lands, the junction substrate further having pairs of signal pads on the obverse surface and the reverse 
surface at the other end thereof, each pair comprising one pad on the obverse surface and the other on 
the reverse surface, the junction substrate further having pairs of lead connection pads on the obverse 
surface and the reverse surface thereof between the ground lands and the pairs of signal pads, each 
pair of the pairs of signal pads having the leads of the respective one of the plurality of sub-cables 
soldered thereto, the junction substrate further having first wiring connecting one pad of each pair of the 
pairs of lead connection pads with the obverse-surface-side pad of the respective pair of the pairs of 
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signal pads using an internal layer of the junction substrate and second wiring connecting the other pad 
of each pair of the pairs of lead connection pads with the reverse-surface-side pad of the respective 
pair of the pairs of signal pads using another internal layer of the junction substrate, the length of the 
first wiring being substantially equal to the length of the second wiring; 

[0037] the first and second leg portions of each pair of the pairs of signal contacts of the plug has the 
junction substrate inserted therebetween, and two leg portions of each of the ground contacts of the 
plug has the junction substrate inserted therebetween, the first leg portion of each pair of the pairs of 
signal contacts being soldered to the obverse-surface-side pad of the respective pair of the pairs of 
signal pads and the second leg portion of each pair of the pairs of signal contacts being soldered to the 
reverse-surface-side pad of the respective pair of the pairs of signal pads, thus the plug being 
connected with the end of the junction substrate; 

[0038] the plurality of sub-cables exposed from the end of the cable are equally separated into sub- 
cables on the obverse-surface side of the junction substrate and sub-cables on the reverse-surface 
side of the junction substrate, the pair of leads of each of the plurality of sub-cables being soldered to 
the respective pair of the pairs of lead connection pads, respectively; and 

[0039] the shielding cover has shielding-plate portions at one end thereof and shielding-arm portions at 
the other end thereof, the shielding-plate portions being inserted into the plug and the shielding-arm 
portions being connected with the sub-cable shielding portion of the cable, thus the shielding cover 
being fastened to the plug and the cable. 

[0040] Because the junction substrate has the multi-layer structure, and the first wiring and the second 
wiring use the internal layers, it is possible that the length of the first wiring is approximately equal to 
the length of the second wiring. Further, the sub-cables of the cable are arranged circularly, and also, 
the sub-cables exposed from the end of cable are equally separated into the sub-cables on the 
obverse-surface side of the junction substrate and the reverse-surface side of the junction substrate. As 
a result, it is possible that the lengths of the sub-cables exposed from the end of the cable are 
approximately equal to each other. Thereby, a time difference (skew) between the '+' signal and the '-' 
signal, which are transmitted in the manner of balanced transmission, does not occur. Further, a time 
difference (skew) between the signals transmitted through the plurality of sub-cables does not occur. As 
a result, the balanced-transmission cable-and-connector unit can be used for transmitting a high-speed 
signal of more than 1 gigabit/sec. with high reliability. 

[0041] Further, the shielding-plate portions are portions of the shielding cover and are not separate 

parts. Therefore, it is not necessary to increase the number of parts. 

[0042] A plug for balanced transmission, according to the present invention, comprises: 

[0043] a housing made of synthetic resin; 

[0044] alternately arranged ground contacts and pairs of signal contacts; and 
[0045] two shielding plates incorporated into the housing oppositely, 
[0046] wherein: 

[0047] each pair of the pairs of signal contacts has first and second leg portions between which an end 
of a printed-circuit board is inserted, the lengths of the first and second leg portions of each pair of the 
pairs of signal contacts being equal to one another; 

[0048] each of the ground contacts has leg portions between which the end of the printed-circuit board 
is inserted; and 

[0049] the two shielding plates have leg portions between which the end of the printed-circuit board is 
inserted. 

[0050] Because each pair of the pairs of signal contacts has first and second leg portions between 
which the end of the printed-circuit board is inserted, it is possible that the plug for balanced 
transmission is connected to the printed-circuit board in a manner in which the printed-circuit board is 
located on the center line of the plug. Thereby, a time difference (skew) between the '+' signal and the 
' signal, which are transmitted in the manner of balanced transmission, does not occur. 
[0051] A plug for balanced transmission, according to another aspect of the present invention, 
comprises: 

[0052] a housing made of synthetic resin; 

[0053] alternately arranged ground contacts and pairs of signal contacts; and 
[0054] two shielding members inserted into the housing oppositely, 
[0055] wherein: 

[0056] each pair of the pairs of signal contacts has first and second leg portions between which an end 
of a printed-circuit board is inserted, the lengths of the first and second leg portions of each pair of the 
pairs of signal contacts being equal to one another; 

[0057] each of the ground contacts has leg portions between which the end of the printed-circuit board 
is inserted; and 

[0058] the two shielding members have shielding-plate portions which are inserted into the housing, 
and covering portions which cover the first and second leg portions of each pair of the pairs of signal 
contacts and the leg portions of each of the ground contacts when the shielding-plate portions are 
inserted into the housing. 

[0059] Because each pair of the pairs of signal contacts has first and second leg portions between 
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which the end of the printed-circuit board is inserted, it is possible that the plug for balanced 
transmission is connected to the printed-circuit board in a manner in which the printed-circuit board is 
jocated on the center line of the plug. Thereby, a time difference (skew) between the *+' signal and the 
' signal, which are transmitted in the manner of balanced transmission, does not occur. 
[0060] Further, because the first and second leg portions of each pair of the pairs of signal contacts and 
the leg portions of each of the ground contacts are covered by the covering portions of the shielding 
members, the first and second leg portions of each pair of the pairs of signal contacts and the leg 
portions of each of the ground contacts are not likely to be affected by external electromagnetic noise. 
[0061] Other objects and further features of the present invention will become more apparent from the 
following detailed description when read in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF DRAWINGS 

[0062] FIG. 1 shows a balanced-transmission cable-and-connector unit in one embodiment of the 
present invention; 

[0063] FIG. 2 shows an exploded perspective view of a portion of the balanced-transmission cable-and- 
connector unit shown in FIG. 1; 

[0064] FIG. 3 shows a sectional view taken along the line 3-3 shown in FIG. 1; 

[0065] FIG. 4 shows a sub-assembly including a plug, a junction substrate and an end portion of a 

cable; 

[0066] FIG. 5 shows the plug for balanced transmission of the balanced-transmission cable-and- 
connector unit shown in FIG. 1 and a corresponding jack for balanced transmission; 
[0067] FIG. 6 shows a cross-sectional view of the cable for balanced transmission; 
[0068] FIGS. 7A, 7B and 7C show a structure of the junction substrate; 

[0069] FIG. 8 shows a structure of a connector for balanced transmission of the balanced-transmission 
cable-and-connector unit shown in FIG. 1; 

[0070] FIGS. 9A and 9B show variant embodiments of the cable for balanced transmission; 
[0071] FIGS. 10A and 10B show a variant embodiment of the plug for balanced transmission; and 
[0072] FIGS. 1 1 A and 1 1 B show another variant embodiment of the plug for balanced transmission. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0073] FIG. 1 shows a balanced-transmission cable-and-connector unit 10 in one embodiment of the 
present invention. The balanced-transmission cable-and-connector unit 10 has an arrangement in 
which connectors 11, 12 for balanced transmission are connected with both ends of a cable 30 for 
balanced transmission. The connector 1 1 of one end is connected with a jack 20, for balanced 
transmission, of a personal computer. The connector 12 of the other end is connected with a jack, for 
balanced transmission, of a peripheral device. Thus, the balanced-transmission cable-and-connector 
unit 10 connects the personal computer with the peripheral device. 

[0074] As shown in FIG. 2 in an exploded manner, an end portion of the balanced-transmission cable- 
and-connector unit 10 includes an end portion of the cable 30 for balanced transmission, a plug 40 for 
balanced transmission, a junction substrate 50, a shielding cover 80 and a caulking ring 95. In a sub- 
assembly 100, shown in FIG. 4, the plug 40 is connected to the Y2-direction end of the junction 
substrate 50, and the cable 30 is soldered to the Y1 -direction end of the junction substrate 50. 
[0075] In the jack 20 for balanced transmission, as shown in FIG. 5, pairs of jack-side signal contacts 
22-1, 22-2 and ground contacts 23 are alternately arranged in the X1, X2 directions and put in a 
housing 21 made of synthetic resin and having a box-shape. Further, rectangular shielding plates 24, 
25 each extending in the X1, X2 directions and Y1, Y2 directions are put in both sides of the housing' 
21. This jack 20 for balanced transmission is mounted on a printed-circuit board 26 inside the personal 
computer. The signal contacts 22-1, 22-2 are electrically connected with signal patterns of the printed- 
circuit board 26. The ground contacts 23 and the shielding plates 24, 25 are electrically connected with 
the ground of the printed-circuit board 26. Each ground contact 23 has a size such that each ground 
contact 23 covers the X-direction projected area of each pair of signal contacts 22-1 , 22-2. As shown in 
FIG. 1, recess portions 27 are formed on X1, X2 -direction end surfaces, in which recess portions 27 
predetermined portions of the connector 1 1 are fitted. 

[0076] As shown in FIG. 5, in the plug 40 for balanced transmission, pairs of first and second signal 
contacts 42-1 , 42-2 and ground contacts 43 are alternately arranged at pitches corresponding to those 
in the jack 20 for balanced transmission and put in a housing 41 made of synthetic resin and having a 
box-shape. Each ground contact 43 has a size such that each ground contact 43 covers the X-direction 
projected area of each pair of signal contacts 42-1 , 42-2. 

[0077] Each pair of signal contacts 42-1, 42-2 has leg portions 42-1a, 42-2a each projecting outside the 
housing 41. Each of the leg portions 42-1 a, 42-2a has a V-shape, the leg portions 42-1 a, 42-2a are 
symmetrical with respect to the center line 44 of the plug 40 for balanced transmission, and can hold 
the junction substrate 50 therebetween. The length of the leg portion 42-1 a is equal to the length of the 
leg portion 42-2a. The length between the end A1 of the first signal contact 42-1 and the extending end 
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B1 of the leg portion 42-1 a along the first signal contact 42-1 is equal to the length between the end A2 
of the second signal contact 42-2 and the extending end B2 of the leg portion 42-2a along the second 
signal contact 42-2. 

[0078] Each ground contact 43 has two leg portions 43a, 43b. The leg portions 43a, 43b extend so that 
the distance therebetween is smaller at the position thereof nearer to the Y1 -direction ends thereof, and 
can hold the junction substrate 50 therebetween. 

[0079] Further, as shown in FIG. 4, the housing 41 has arms 45 projecting from the four corners thereof 
in the Y1 direction. Each arm 45 has a movement-preventing claw 45a as shown in FIG. 5. 
[0080] As shown in FIG. 6, in the cable 30 for balanced transmission, on a cross section perpendicular 
to the axis line, 8 sub-cables 31-1 through 31-8 are arranged so as to form a circle. In the cable 30, the 
8 sub-cables 31-1 through 31-8 surround a central electrically insulating filler portion 32, are held by a 
holding winding portion (wrapping tape) 33, then, are covered by a sub-cable-group shielding mesh 34 
for shielding the group of sub-cables, and, then, are covered by a tube-shaped electrically insulating 
outer covering portion 35. Because the 8 sub-cables 31-1 through 31-8 are arranged circularly, it is 
possible that the lengths of the sub-cables are equal to each other, when the sub-cables are exposed 
from the end of cable 30 and connection thereof is made separately. 

[0081] Each of the sub-cables 33-1 through 33-8 includes a pair of first and second covered leads 36-1 , 
36-2 for balanced transmission, a lead shielding mesh 37 for covering the pair of first and second 
covered leads 36-1, 36-2, and a holding winding portion (wrapping tape) 38 which covers the lead 
shielding mesh 37. Each of the first and second covered leads 36-1, 36-2 includes the respective one 
of first and second leads 39-1, 39-2, and a covering portion 29. 

[0082] As shown in FIGS. 7A, 7B and 7C, the junction substrate 50 has a rectangular-shape which is 
long in the Y1, Y2 directions, and has a 4-layer structure including an obverse surface layer 51, a 
reverse surface layer 52, a first internal layer 53 and a second internal layer 54. 
[0083] As shown in FIGS. 7B and 7C, ground lands 55, 56 to which the lead shielding meshes 37 are 
soldered are formed on the obverse surface layer 51 and on the reverse surface layer 52, at the Y1- 
direction end respectively. 

[0084] At the Y2 -direction end on the obverse surface layer 51 , signal pads and ground pads are 
arranged alternately in order of the signal pad 57-1, the ground pad 58-1, the signal pad 57-2, the 
ground pad 58-2, .... in the X2 direction. Identically, at the Y2-direction end on the reverse surface 
layer 52, signal pads and ground pads are arranged alternately in order of the signal pad 59-1, the 
ground pad 60-1, the signal pad 59-2, the ground pad 60-2, . . . , in the X2 direction. The signal pads 
57-1 and 59-1 are used as a pair, the signal pads 57-2 and 59-2 are used as a pair, .... Thus, there 
are 8 pairs of signal pads. The ground pads 58-1, 58-2, ... are connected with the ground land 55. The 
ground pads 60-1, 60-2, . . . are connected with the ground land 56. 

[0085] At approximately middle in the Y1 , Y2 direction on the obverse surface layer 51 of the junction 
substrate 50, lead connection pads 61-1, 61-2, ... , 61-8 are formed side by side in the X1, X2 
directions. The adjacent lead connection pads 61-1, 61-2 form a first pair, the subsequent adjacent lead 
connection pads 61-3, 61-4 form a second pair, .... Identically, at approximately middle in the Y1, Y2 
direction on the reverse surface layer 52 of the junction substrate 50, lead connection pads 62-1, 62-2, . 
. . , 62-8 are formed side by side in the X1, X2 directions. The adjacent lead connection pads 62-1, 62-2 
are used as a pair, the subsequent adjacent lead connection pads 62-3, 62-4 are used as a pair,. 
[0086] The pairs of lead connection pads are connected with the pairs of signal pads through wirings, 
respectively. Connection between the pair of lead connection pads 61-1, 61-2 and the pair of signal 
pads 57-1, 59-1 will now be described, for example. 

[0087] The lead connection pad 61-2 and the signal pad 57-1 are connected by a first wiring 63. The 
first wiring 63 includes a via hole 64 extending from the lead connection pad 61-2 to the first internal 
layer 53, a wiring pattern 65 extending on the first internal layer 53 from the bottom end of the via hole 
64, a via hole 66 extending from the wiring pattern 65 on the first internal layer 53 to the obverse 
surface layer 51 , and a wiring pattern 67 extending from the top end of the via hole 66 to the signal pad 
57-1. 

[0088] The lead connection pad 61-1 and the signal pad 59-1 are connected by a second wiring 68. 
The second wiring 68 includes a via hole 69 extending from the lead connection pad 61-1 to the second 
internal layer 54, a wiring pattern 70 extending on the second internal layer 54 from the bottom end of 
the via hole 69, a via hole 71 extending from the wiring pattern 70 on the second internal layer 54 to the 
reverse surface layer 52, and a wiring pattern 72 extending from the bottom end of the via hole 71 to 
the signal pad 59-1. 

[0089] The distance T between the first and second internal layers 53 and 54 is small, that is, 0.1 
through 0.2 mm. Accordingly, the length of the first wiring 63 is approximately equal to the length of the 
second wiring 68. That is, the length between the position C1 of the signal pad 57-1 and the position D1 
of the lead connection pad 61-2 along the first wiring 63 is approximately equal to the length between 
the position C2 of the signal pad 59-1 and the position D2 of the lead connection pad 61-1 along the 
second wiring 68. 

[0090] The other pairs of lead connection pads on the obverse surface layer 51 and the other pairs of 
lead connection pads on the reverse surface layer 52 are connected with the other pairs of signal pads, 
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in manners each identical to the above-described manner, respectively. 

[0091] The shielding cover 80 is made from a metal plate through press working and has a shape of a 
hollow, approximately square pole. The shielding cover 80 includes a body 81 having the shape of the 
hollow, approximately square pole shape, shielding-plate portions 82, 83 extending in the Y2 direction 
from the Z1 , Z2 -direction-end edges of the Y2-direction end of the body 81 , locking-arm portions 84, 85 
extending in the Y2 direction from the X1 , X2-direction-end edges of the Y2-direction end of the body 
81, shown in FIG. 2, shielding-arm portions 86, 87 extending in the Y1 direction from the Z1, Z2- 
direction-end edges of the Y1 -direction end of the body 81, shown in FIGS. 2 and 3, and engaging 
openings 88 formed near the Y2-direction end of the body 81, shown in FIG. 2. 
[0092] The sub-assembly 100 will now be described. 

[0093] As shown in FIG. 4, as described above, in the sub-assembly 100, the plug 40 for balanced 
transmission is connected to the Y2 -direction end of the junction substrate 50, and the cable 30 for 
balanced transmission is connected with the Y1 direction end of the junction substrate 50. 
[0094] As shown in FIG. 3, the V-shaped leg portions 42-1 a, 42 -2a of the first and second signal 
contacts 42-1, 42-2 and the two leg portions 43a, 43b of the ground contacts 43 of the plug 40 for 
balanced transmission elastically hold the junction substrate 50 therebetween. In this condition, the leg 
portion 42-1a of the X1 -direction-end first signal contact 42-1 is soldered to the signal pad 57-1, the leg 
portion 42-2a of the X1 -direction-end second signal contact 42-2 is soldered to the signal pad 59-1, the 
leg portion 43a of the adjacent ground contact 43 is soldered to the ground pad 58-1, and the leg 
portion 43b the same ground contact 43 is soldered to the ground pad 60-1. Similarly, the other leg 
portions are soldered to the other signal pads and the other ground pads, respectively. 
[0095] The junction substrate 50 is located on the center line 44 of the plug 40 for balanced 
transmission. 

[0096] The end of the cable 30 for balanced transmission is processed as shown in FIG. 2. An end 
portion of the sub-cable-group shielding mesh 34 is exposed, and end portions of the 8 sub-cables 31-1 
through 31-8 are exposed. For each of the sub-cables 31-1 through 31-8, an end portion of the lead 
shielding mesh 37 is exposed, end portions of the first and second covered leads 36-1, 36-2 are 
exposed, and end portions of the first and second leads 39-1, 39-2 are exposed as a result of end 
portions of the covering portions 29 of the first and second covered leads 36-1 , 36-2 being stripped. 
[0097] The exposed 8 sub-cables 31-1 through 31-8 are separated, by the horizontal plane 28 (shown 
in FIG. 2) including the center line of the cable 30, into the upper-half 4 sub-cables 31-1 through 31-4 
and the lower-half 4 sub-cables 31-5 through 31-8. The 4 sub-cables 31-1 through 31^4 are aligned and 
extend to the side of the obverse surface layer 51 of the junction substrate 50, and the 4 sub-cables 31- 
5 through 31-8 are aligned and extend to the side of the reverse surface layer 52 of the junction 
substrate 50. 

[0098] The 4 sub-cables 31-1 through 31-4 are arranged in the X1, X2 directions, and the respective 
lead shielding meshes 37 are soldered to the ground land 55 of the junction substrate 50. Thus, the 
sub-cables 31-1 through 31-4 are connected to the junction substrate 50. The first and second covered 
leads 36-1, 36-2 of the sub-cable 31-1 extend in the Y2 direction along the obverse surface layer 51. 
The first lead 39-1 is soldered to the lead connection pad 61-2, and the second lead 39-2 is soldered to 
the lead connection pad 61-1. For the other sub-cables 31-2 through 31-4, the covered leads are 
aligned, and the exposed leads are soldered to the respective lead connection pads, in manners each 
identical to the above-described manner applied to the sub-cable 31-1. Identically, for the 4 sub-cables 
31-5 through 31-8 on the reverse surface side, the respective lead shielding meshes 37 are soldered to 
the ground land 56 of the junction substrate 50, thus, the sub-cables 31-5 through 31-8 are connected 
to the junction substrate 50, the covered leads are aligned, and the exposed leads are soldered to the 
lead connection pads 62-2, 62-1, Because the first and second covered leads 36-1, 36-2 extend 
symmetrically, the length between the position El of the exposed lead 39-1 and the position Fl of the 
lead shielding mesh 37 is equal to the length between the position E2 of the exposed lead 39-2 and the 
position F2 of the lead shielding mesh 37. 

[0099] As mentioned above, the 8 sub-cables 31-1 through 31-8 are arranged so as to form the circle in 
the cable 30, and the 8 sub-cables 31-1 through 31-8 are separated by the horizontal plane 28 into the 
upper-half 4 sub-cables and the lower-half 4 sub-cables. Thereby, the lengths of the respective sub- 
cables 31-1 through 31-8 exposed from the end of the sub-cable-group shielding mesh 34 are 
approximately equal to each other. That is, the lengths between the positions G at the end of the 
exposed sub-cable-group shielding mesh 34 and the positions of the exposed lead shielding meshes 
37 of the respective sub-cables are approximately equal to each other. Accordingly, the lengths of the 
first and second leads of all the sub-cables 31-1 through 31-8 are approximately equal to each other. 
[0100] In the above-described sub-assembly 100, paths through which a signal and a '-' signal are 
transmitted will now be described. 

[0101] With reference to FIG. 3, the length of the path between the position Al and the position G 
through which the V signal is transmitted, that is, the length of the path passing through the first signal 
contact 42-1, the first wiring 63, the exposed first covered lead 36-1 and the exposed sub-cable 31-1, 
and the length of the path between the position A2 and the position G through which the '-' signal is 
transmitted, that is, the length of the path passing through the second signal contact 42-2, the second 
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wiring 68, the exposed second covered lead 36-2 and the exposed sub-cable 31-1, are approximately 
equal to one another. The difference therebetween corresponds to a signal transmission time difference 
which is equal to or less than a permissible error 100 ps/m. 

[0102] Further, the lengths of the paths passing through the first and second signal contacts, the first 
and second wiring, the exposed first and second covered leads and the exposed sub-cables are 
approximately equal between the 8 sub-cables 31-1 through 31-8. The maximum difference 
therebetween corresponds to a signal transmission time difference which is equal to or less than a 
permissible error 150 ps/m. 

[0103] When such a plug for balanced transmission is connected to an end of such a junction substrate, 
a general manner is such that a so-called right-angle-type plug for balanced transmission is mounted 
on the junction substrate. However, when the right-angle-type plug is used, a significant difference 
occurs in length between the first and second signal contacts. Therefore, the right-angle-type plug is 
not suitable for balanced transmission, and the above-described embodiment does not use the right- 
angle-type plug. 

[0104] When the shielding cover 80 and the caulking ring 95 are integrated to the sub-assembly 100, 
the connector 1 1 for balanced transmission is completed. 

[0105] As shown in FIG. 3, the shielding cover 80 is coupled with the plug 40 for balanced transmission 
as a result of the Y2-direction end of the body 81 being fitted by the four-comer arm 45 of the plug 40, 
and the engaging openings 88 engaging with the movement-preventing claws 45a. The body 81 
surrounds and covers the sub-assembly 100, and covers the junction substrate 50, a portion of the plug 
40 for balanced transmission at which the plug 40 is connected with the junction substrate 50, and a 
portion of the cable 30 for balanced transmission at which the cable 30 is connected with the junction 
substrate 50. 

[0106] The shielding-plate portions 82, 83 are inserted into the box-shaped housing 41 of the plug 40, 
and are located on the inner walls, of the housing 41 , which walls face one another in the Z1 , Z2 
directions. The locking arms 84, 85 also are inserted into the housing 41, and are located on the inner 
walls of the housing 41 , which walls face one another in the X1 , X2 directions. 

[0107] At the X1, X2-direction ends the caulking ring 95 are caulked (so that the caulking ring 95 comes 
to have the shape shown in FIG. 1), and, thereby, the shielding-arm portions 86, 87 are fastened to 
sub-cable-group shielding mesh 34 in a manner of crimping using the caulking ring 95. Thus, the 
Y1 direction end of the body 81 is fixed to the end of the cable 30. 

[0108] The connector 1 1 for balanced transmission is connected with the jack 20 for balanced 
transmission as a result of the locking arms 84, 85 being fitted into the recess portions 27. The 
balanced-transmission cable-and-connector unit 10 provides 8 balanced transmission paths between 
the personal computer and the peripheral device. 

[0109] The connector 11 for balanced transmission and the balanced-transmission cable-and-connector 
unit 10 have the following features and advantages: 

[0110] The length of the path between the position A1 and the position G through which the '+' signal is 
transmitted is substantially equal to the length of the path between the position A2 and the position G 
through which the '-' signal is transmitted, the magnitude of the '-' signal being equal to the magnitude of 
the '+' signal but the direction of the '-' signal being reverse to the direction of the signal. Thereby, a 
time difference (skew) between the '+' signal and the '-' signal, which are transmitted in a manner of 
balanced transmission, does not occur. As a result, the balanced-transmission cable-and-connector 
unit 10 can be used for transmitting a high-speed signal of more than 1 gigabit/sec. with high reliability. 
[01 1 1] The lengths of the 8 balanced-transmission paths are substantially equal to each other. Thereby, 
a time difference (skew) between the 8 sorts of signals, which are transmitted through the 8 balanced 
transmission paths in a manner of balanced transmission, does not occur. As a result, the balanced- 
transmission cable-and-connector unit 10 provides 8-channel transmission paths which can be used for 
transmitting 8 sorts of high-speed signals of more than 1 gigabit/sec. with high reliability. 
[0112] As shown in FIG. 8, in the connector 1 1 for balanced transmission, the ground contact 43 is 
inserted between each adjacent first signal contacts 42-1, 42-1 arranged side by side in the X1, X2 
directions, and between each adjacent second signal contacts 42-2, 42-2 arranged side by side in the 
X1, X2 directions. Thus, a stripline structure is formed. Thereby, in the connector 11 for balanced 
transmission, occurrence of crosstalk between signals, which are transmitted through each adjacent 
signal contacts and each adjacent signal pads, arranged side by side in the X1, X2 directions, can be 
effectively restricted. 

[0113] As shown in FIG. 8, an imaginary ground plane 110 is formed between each first and second 
signal contacts 42-1, 42-2 which are used as a pair for balanced transmission. As a result of the 
imaginary ground plane 110 being formed, occurrence of crosstalk between the signal transmitted 
through the first signal contact 42-1 and the '-' signal transmitted through the second signal contact 42-2 
can be effectively restricted. 

[0114] The shielding-plate portions 82, 83 which are inserted into the housing 41 shield the first and 
second signal contacts 42-1, 42-2 from an external electromagnetic wave. Thereby, it is restricted that 
the *+' signals and the '-' signals transmitted through the first and second signal contacts 42-1, 42-2 in 
the manner of balanced transmission are affected by an electromagnetic wave outside the connector 
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[0115] The shielding-plate portions 82, 83 are portions of the shielding cover 80 and are not separate 
parts. Therefore, it is not necessary to increase the number of parts. 

[0116] The connector 12 for balanced transmission connected with the other end of the cable 30 for 
balanced transmission, shown in FIG. 1, has the same structure as the structure of the connector 11 for 
balanced transmission. 

[0117] FIGS. 9A and 9B show variant embodiments of the cable 30 for balanced transmission. The 
same reference numerals are given to the same portions as those shown in FIG. 6, and description 
thereof will be omitted. 

[01 18] In a cable 30A for balanced transmission, shown in FIG. 9A, in each of sub-cables 33A-1 
through 33A-8, a drain wire 27 is included in addition to the first and second covered leads 36-1, 36-2 
which are used as a pair for balanced transmission/The drain wire 27 is in contact with the lead 
shielding mesh 37 in each sub-cable. 

[0119] In a cable 30B for balanced transmission, shown in FIG. 9B, the holding winding portion 38 is 
omitted from each of the sub-cables 33B-1 through 33B-8. 

[0120] FIGS. 10A, 10B and FIGS. 11 A, 11B show variant embodiments of the plug 40 for balanced 
transmission shown in FIGS. 2 and 5. In each figure, the same reference numerals are given to 
portions corresponding to those shown in FIGS. 2 and 5, and description thereof will be omitted. 
[0121] In a plug 40A for balanced transmission shown in FIGS. 10A and 10B, shielding plates 120, 121 
are incorporated into the housing 41 on the top side and on the bottom side, respectively. The shielding 
plates 120 has legs 120a which project from both sides of the Y1 -direction-end edge of the shielding 
plate 120 in the Y1 direction. The shielding plates 121 has legs 121a which project from both sides of 
the Y1 -direction-end edge of the shielding plate 121 in the Y1 direction. The legs 120a of the top-side 
shielding plate 120 and the legs 121a of the bottom-side shielding plate 121 extend so that the 
distances between the legs 120a and legs 121a are shorter at the positions nearer to the projecting 
ends thereof. 

[0122] The V-shaped leg portions 42-1a, 42-2a of each pair of first and second signal contacts 42-1, 
42-2, the two leg portions 43a, 43b of each ground contact 43, and the legs 120a of the top-side 
shielding plate 120 and the legs 121a of the bottom-side shielding plate 121 elastically hold the printed- 
circuit board 125 therebetween. In this condition, the leg portions 42-1 a, 42 -2a of each pair of first and 
second signal contacts 42-1, 42-2, the two leg portions 43a, 43b of each ground contact 43, and the 
legs 120a of the topside shielding plate 120 and the legs 121a of the bottom-side shielding plate 121 
are soldered to corresponding pads of the printed-circuit board 125. Thus, the plug 40A for balanced 
transmission is connected with an end portion of the printed-circuit board 125. 

[0123] In a plug 40B for balanced transmission shown in FIGS. 11A and 11B, shielding members 130, 
131 are incorporated in the housing 41 instead of the above-described shielding plates 120, 121. The 
shielding members 130, 131 include shielding-plate portions 130a, 131a, and covering portions 130b, 
131b, respectively. The covering portion 130b includes a hood portion 130c and side-plate portions 
130d at both sides of the hood portion 130c. The covering portion 131b has the same structure. After 
the plug 40B for balanced transmission is connected with an end portion of a printed-circuit board 125, 
the shielding members 130, 131 are fasten to the plug 40B as a result of the shielding-plate portions 
130a, 131a being press-fitted in the Y2 direction into the housing 41. As a result, the covering portions 
130b, 131b covers the V-shaped leg portions 42-1 a, 42 -2a of each pair of first and second signal 
contacts 42-1 , 42-2, and the two leg portions 43a, 43b of each ground contact 43. Thereby, the signals 
transmitted through the signal contacts are not likely to be affected by external electromagnetic noise. 
[0124] Further, the present invention is not limited to the above-described embodiments, and variations 
and modifications may be made without departing from the scope of the present invention. 
[0125] The contents of the basic Japanese Patent Application IMo.1 0-234708, filed on Aug. 20, 1998, 
are hereby incorporated by reference. 
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Claims 

What is claimed is: 

1. A balanced-transmission cable-and-connector unit comprising: 
a junction substrate; 

a plug for balanced transmission connected to one end of said junction substrate; 

a cable for balanced transmission connected to the other end of said junction substrate; and 

a shielding cover covering said junction substrate, a portion of said plug at which said plug is connected 

to said junction substrate and a portion of said cable at which said cable is connected to said junction 

substrate, 

wherein: 

said plug includes a pair of first and second signal contacts; and 
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the length of a first signal transmitting path from said first signal contact to said cable via said junction 
substrate is substantially equal to the length of a second signal transmitting path from said second 
signal contact to said cable via said junction substrate. 

2. A balanced-transmission cable-and-connector unit comprising: 
a junction substrate; 

a plug for balanced transmission connected to one end of said junction substrate; 

a cable for balanced transmission connected to the other end of said junction substrate; and 

a shielding cover covering said junction substrate, a portion of said plug at which said plug is connected 

to said junction substrate and a portion of said cable at which said cable is connected to said junction 

substrate, 

wherein: 

said plug includes a pair of first and second signal contacts; 

said cable includes a plurality of sub-cables, said plurality of sub-cables being exposed from the end of 
said cable and connected to said end of said junction substrate; and 

the length of a first signal transmitting path from said first signal contact to said cable via said junction 
substrate and an exposed sub-cable of said plurality of sub-cables is substantially equal to the length of 
a second signal transmitting path from said second signal contact to said cable via said junction 
substrate and another exposed sub-cable of said plurality of sub-cables. 

3. A balanced-transmission cable-and-connector unit comprising: 
a junction substrate; 

a plug for balanced transmission connected to one end of said junction substrate; 

a cable for balanced transmission connected to the other end of said junction substrate; and 

a shielding cover covering said junction substrate, a portion of said plug at which said plug is connected 

to said junction substrate and a portion of said cable at which said cable is connected to said junction 

substrate, 

wherein: 

said plug comprises a housing made of synthetic resin and alternately arranged ground contacts and 
pairs of signal contacts, each pair of said pairs of signal contacts having first and second leg portions 
between which said end of said junction substrate is inserted, the lengths of said first and second leg 
portions of each pair of said pairs of signal contacts being equal to one another; 
said cable comprises a tube-shaped outer covering portion, a tube-shaped sub-cable shielding portion 
provided inside said outer covering portion, a plurality of sub-cables circularly arranged along the inner 
surface of said sub-cable shielding portion and a filler portion filling a portion of said cable inside said 
plurality of sub-cables, each of said plurality of sub-cables comprising a pair of leads for balanced 
transmission and a lead shielding portion shielding said pair of leads; 

said junction substrate has a multi-layer structure and has ground lands on the obverse surface and the 
reverse surface at one end thereof, the lead shielding portions of said plurality of sub-cables being 
soldered to said ground lands, said junction substrate further having pairs of signal pads on said 
obverse surface and said reverse surface at the other end thereof, each pair of said pairs of signal pads 
comprising one pad on said obverse surface and the other pad on said reverse surface, said junction 
substrate further having pairs of lead connection pads on said obverse surface and said reverse 
surface thereof between said ground lands and said pairs of signal pads, each pair of said pairs of 
signal pads having the leads of the respective one of said plurality of sub-cables soldered thereto, said 
junction substrate further having a first wiring connecting one pad of each pair of said pairs of lead 
connection pads with the obverse-surface-side pad of the respective pair of said pairs of signal pads 
using an internal layer of said junction substrate and a second wiring connecting the other pad of each 
pair of said pairs of lead connection pads with the reverse-surface-side pad of the respective pair of 
said pairs of signal pads using another internal layer of said junction substrate, the length of said first 
wiring being substantially equal to the length of said second wiring; 

the first and second leg portions of each pair of said pairs of signal contacts of said plug has said 
junction substrate inserted therebetween, and two leg portions of each of said ground contacts of said 
plug has said junction substrate inserted therebetween, said first leg portion of each pair of said pairs of 
signal contacts being soldered to the obverse-surface-side pad of the respective pair of said pairs of 
signal pads and said second leg portion of each pair of said pairs of signal contacts being soldered to 
the reverse-surface-side pad of the respective pair of said pairs of signal pads, thus said plug being 
connected with said end of said junction substrate; 

said plurality of sub-cables exposed from the end of said cable are equally separated into sub-cables 
on the obverse-surface side of said junction substrate and sub-cables on the reverse-surface side of 
said junction substrate, the pair of leads of each of said plurality of sub-cables being soldered to the 
respective pair of said pairs of lead connection pads, respectively; and 

said shielding cover has shielding-plate portions at one end thereof and shielding-arm portions at the 
other end thereof, said shielding-plate portions being inserted into said plug and said shielding-arm 
portions being connected with said sub-cable shielding portion of said cable, thus said shielding cover 
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being fastened to said plug and said cable. 

4. A connector for balanced transmission comprising: 
a plug for balanced transmission; 

a junction substrate, to one end of which said plug is connected, and to the other end of which a cable 
for balanced transmission is connected; and 

a shielding cover covering said junction substrate, a portion of said plug at which said plug is connected 
to said junction substrate and a portion of said cable at which said cable is connected to said junction 
substrate, 
wherein: 

said plug includes a pair of first and second signal contacts; and 

the length of a first signal transmitting path from said first signal contact to said cable via said junction 
substrate is substantially equal to the length of a second signal transmitting path from said second 
signal contact to said cable via said junction substrate. 

5. A connector for balanced transmission comprising: 
a plug for balanced transmission; 

a junction substrate, to one end of which said plug is connected, and to the other end of which a cable 
for balanced transmission is connected; and 

a shielding cover covering said junction substrate, a portion of said plug at which said plug is connected 
to said junction substrate and a portion of said cable at which said cable is connected to said junction 
substrate, 
wherein: 

said plug includes a pair of first and second signal contacts; 

said cable includes a plurality of sub-cables, said plurality of sub-cables being exposed from the end of 
said cable and connected to said end of said junction substrate; and 

the length of a first signal transmitting path from said first signal contact to said cable via said junction 
substrate and an exposed sub-cable of said plurality of sub-cables is substantially equal to the length of 
a second signal transmitting path from said second signal contact to said cable via said junction 
substrate and another exposed sub-cable of said plurality of sub-cables. 

6. A connector for balanced transmission comprising: 
a plug for balanced transmission; 

a junction substrate, to one end of which said plug is connected, and to the other end of which a cable 
for balanced transmission is connected; and 

a shielding cover covering said junction substrate, a portion of said plug at which said plug is connected 
to said junction substrate and a portion of said cable at which said cable is connected to said junction 
substrate, 
wherein: 

said plug comprises a housing made of synthetic resin and alternately arranged ground contacts and 
pairs of signal contacts, each pair of said pairs of signal contacts having first and second leg portions 
between which said end of said junction substrate is inserted, the lengths of said first and second leg 
portions of each pair of said pairs of signal contacts being equal to one another; 
said cable comprises a tube-shaped outer covering portion, a tube-shaped sub-cable shielding portion 
provided inside said outer covering portion, a plurality of sub-cables circularly arranged along the inner 
surface of said sub-cable shielding portion and a filler portion filling a portion of said cable inside said 
plurality of sub-cables, each of said plurality of sub-cables comprising a pair of leads for balanced 
transmission and a lead shielding portion shielding said pair of leads; 

said junction substrate has a multi-layer structure and has ground lands on the obverse surface and the 
reverse surface at one end thereof, the lead shielding portions of said plurality of sub-cables being 
soldered to said ground lands, said junction substrate further having pairs of signal pads on said 
obverse surface and said reverse surface at the other end thereof, each pair of said pairs of signal pads 
comprising one pad on said obverse surface and the other pad on said reverse surface, said junction 
substrate further having pairs of lead connection pads on said obverse surface and said reverse 
surface thereof between said ground lands and said pairs of signal pads, each pair of said pairs of 
signal pads having the leads of the respective one of said plurality of sub-cables soldered thereto, said 
junction substrate further having a first wiring connecting one pad of each pair of said pairs of lead 
connection pads with the obverse-surface-side pad of the respective pair of said pairs of signal pads 
using an internal layer of said junction substrate and a second wiring connecting the other pad of each 
pair of said pairs of lead connection pads with the reverse-surface-side pad of the respective pair of 
said pairs of signal pads using another internal layer of said junction substrate, the length of said first 
wiring being substantially equal to the length of said second wiring; 

the first and second leg portions of each pair of said pairs of signal contacts of said plug has said 
junction substrate inserted therebetween, and two leg portions of each of said ground contacts of said 
plug has said junction substrate inserted therebetween, said first leg portion of each pair of said pairs of 
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signal contacts being soldered to the obverse-surface-side pad of the respective pair of said pairs of 
signal pads and said second leg portion of each pair of said pairs of signal contacts being soldered to 
the reverse-surface-side pad of the respective pair of said pairs of signal pads, thus said plug being 
connected with said end of said junction substrate; 

said plurality of sub-cables exposed from the end of said cable are equally separated into sub-cables 
on the obverse-surface side of said junction substrate and sub-cables on the reverse-surface side of 
said junction substrate, the pair of leads of each of said plurality of sub-cables being soldered to the 
respective pair of said pairs of lead connection pads, respectively; and 

said shielding cover has shielding-plate portions at one end thereof and shielding-arm portions at the 
other end thereof, said shielding-plate portions being inserted into said plug and said shielding-arm 
portions being connected with said sub-cable shielding portion of said cable, thus said shielding cover 
being fastened to said plug and said cable. 

7. A plug for balanced transmission, comprising: 
a housing made of synthetic resin; 

alternately arranged ground contacts and pairs of signal contacts; and 
two shielding plates incorporated into said housing oppositely, 
wherein: 

each pair of said pairs of signal contacts has first and second leg portions between which an end of a 
printed-circuit board is inserted, the lengths of said first and second leg portions of each pair of said 
pairs of signal contacts being equal to one another; 

each of said ground contacts has leg portions between which said end of said printed-circuit board is 
inserted; and 

said two shielding plates have leg portions between which said end of said printed-circuit board is 
inserted. 

8. A plug for balanced transmission, comprising: 
a housing made of synthetic resin; 

alternately arranged ground contacts and pairs of signal contacts; and 
two shielding members incorporated into said housing oppositely, 
wherein: 

each pair of said pairs of signal contacts has first and second leg portions between which an end of a 
printed-circuit board is inserted, the lengths of said first and second leg portions of each pair of said 
pairs of signal contacts being equal to one another; 

each of said ground contacts has leg portions between which said end of said printed-circuit board is 
inserted; and 

said two shielding members have shielding-plate portions which are inserted into said housing, and 
covering portions which cover said first and second leg portions of each pair of said pairs of signal 
contacts and said leg portions of each of said ground contacts when said shielding-plate portions are 
inserted into said housing. 
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